Introduction {#Sec1}
============

Cataract surgery is the most performed elective operation worldwide, with the NOD database reporting around 414,000 procedures performed in NHS England alone in 2017--2018 \[[@CR1]\]. It is very successful, with 90.6% achieving better than driving standard vision (6/12 Snellen). Patient reported outcome measures (PROMs) consistently demonstrate significant improvements in patients' experiences and quality of life \[[@CR2]\]. However, poorer visual outcomes occur infrequently due to complications during surgery (often associated with posterior capsule rupture and vitreous loss) or in the post-operative period (such as endophthalmitis, retinal detachment and cystoid macular oedema (CMO)) \[[@CR3], [@CR4]\].

CMO can also occur in the setting of uncomplicated cataract surgery, with published incidence rates ranging from 1.2--3.4% \[[@CR5]--[@CR10]\]. Known as Irvine-Gass syndrome for the past 60 years, patients commonly experience good vision in the immediate post-operative period, followed by a painless central visual deterioration a few weeks later \[[@CR7]\]. CMO is believed to result from a post-operative inflammatory response \[[@CR11]\]. The incidence of post-operative CMO peaks at 4--6 weeks, but most cases are self-limiting, though visual impairment can persist, with duration of CMO reported to range between 72 and 249 days \[[@CR12]\]. Aside from the personal impact of visual impairment, the overall Medicare cost of modern cataract surgery complicated by CMO has been reported to be 47% higher than for those without \[[@CR13]\]. It is generally accepted that the incidence of CMO has reduced significantly due to refinement in cataract surgical techniques, including the switch from extracapsular cataract surgery to phacoemulsification \[[@CR14]--[@CR16]\]. However, this incidence is variable, and further influenced by type (acute/chronic/persistent) and method of detection (clinical, angiographic, optical) \[[@CR11]\]. For example, the incidence of angiographic CMO has been previously estimated to be as high as 30% in uncomplicated cataract surgery cases \[[@CR11]\]. In addition, the widespread use of optical coherence tomography (OCT) has increased the ability to detect both clinical and sub-clinical CMO, which could further influence quoted incidence rates \[[@CR10], [@CR17]\].

There is no consistent definition for post-operative CMO in either the historic or recently published literature \[[@CR9]\]. Traditionally, most clinicians would define clinically significant CMO as a symptomatic reduction in vision equivalent to 20/40 (6/12 Snellen) or worse following routine cataract surgery, as observed in \<1% of patients after cataract surgery in the absence of any treatment \[[@CR18]\]. There is no consistency as to the definition of prolonged CMO, although persistent cystoid macular oedema (pCMO) or late onset macular oedema has been defined as the presence of macular oedema over 3 months since the original cataract surgery \[[@CR12]\].

The ESCRS PREvention of Macular EDema after cataract surgery (PREMED) study was the first international multi-centre randomised controlled clinical trial specifically designed to answer questions relating to the prevention of CMO after cataract surgery in diabetic and non-diabetic patients \[[@CR9], [@CR10]\]. They also highlighted the difficulties in defining CMO and the issues with diagnosis. This landmark study focused on the prevention of CMO through pre-operative topical medications, with outcome measures at both 6- and 12-weeks post cataract surgery. It did not investigate the post-operative management of CMO or continue to identify the incidence of pCMO at 3 months. It should also be noted that there are no published national college or cataract society guidelines as to the best practice management of post-operative CMO or pCMO.

The primary aim of this Scottish Ophthalmological Surveillance Unit (SOSU) study was to determine the incidence of pseudophakic pCMO documented on OCT over 3 months from the date of uncomplicated cataract surgery in Scotland.

Methods {#Sec2}
=======

All new cases of pCMO identified by consultant ophthalmologists in Scotland were collected prospectively between 1 January 2018 and 31 June 2019 via the Scottish Ophthalmological Surveillance Unit (SOSU) scheme. SOSU is administered alongside the British Ophthalmological Surveillance Unit (BOSU) via the Royal College of Ophthalmologists in London (RCOphth) and has the primary aim to assist with the epidemiological study of rare ocular disorders. BOSU was originally established in 1997. Participation in the scheme is in good faith and is not mandatory. Prior to the initiation of a study, the BOSU/SOSU committee distribute the details of the upcoming conditions under surveillance, including the agreed case definition. Suitable conditions for SOSU studies are those with a predicted annual incidence of less than 30 per million (\<150 cases per annum in Scotland). These studies then rely on ophthalmologists to voluntarily keep a record of the relevant cases they encounter during the study period, and then respond to two separate questionnaires with answers obtained from the relevant medical casenotes. The patients are anonymous to the SOSU/BOSU investigators, and there is no system to further investigate the patients' data aside from the data returned on the questionnaires.

Each month during the study period, every ophthalmologist in Scotland was posted a SOSU reporting card asking if they had managed any new cases of pCMO in their practice. When a case was reported, a questionnaire was sent to the notifying ophthalmologist asking for pre-determined demographic and relevant pre-, intra- and post-operative clinical data. \[See online [Supplementary Figure](#MOESM1){ref-type="media"} for initial questionnaire\]

If the initial questionnaire was not returned within 6 weeks, a reminder letter and a follow up email was sent to increase the response rate. Reporting ophthalmologists were also sent a follow-up questionnaire 9 months later to obtain 1-year post-operative outcomes.

Ethics advice was sought from the West of Scotland Research and Ethics Service and approval was granted through the Public Benefit and Privacy Panel for Health and Social Care in Scotland *(Reference number: 1718-0096)*.

Outcome measures {#Sec3}
----------------

The primary outcome of the study was to determine the incidence of persistent cystoid macular oedema (pCMO), documented on optical coherence topography (OCT), ≥3 months from the date of uncomplicated cataract surgery in Scotland. CMO was defined as an increase in CRT of 10% or more over baseline, with cystic changes on OCT as identified by the reporting ophthalmologist. Secondary outcomes were to ascertain the associated clinical and demographic features contributing to pCMO, to describe what management options are employed in the treatment of pCMO and to establish visual outcomes for patients with pCMO at 1-year post surgery.

Results {#Sec4}
=======

A total of 22 responses were received over the 18-month period, with a true response rate of 64%. Eight responses were found to have been sent in error by reporting ophthalmologists, all of whom had ticked the wrong box on the reporting card.

Population and Incidence {#Sec5}
------------------------

The incidence was calculated as the number of reported cases as a proportion of the total population over the 18-month study. Scotland has been recognised in previous studies as a well-defined region with stable population demographics \[[@CR19]\]. According to the information services division of NHS National Services Scotland, the number of cataract surgeries performed in Scotland over the last three financial years (1st April to 31st March) has been 42,593 in 2014/15, 42,573 in 2015/16 and 41,336 in 2016/17 \[[@CR20]\].

Fourteen cases of pCMO were reported, giving an incidence of 2.2 cases of pCMO per 10,000 of uncomplicated cataract surgeries per annum (0.02%). Complete data was available for 13 cases (11 patients). Mean age was 74.9 years ± SD 10.2 (range 44--86) with males accounting for the majority of cases (72.7%). 92.3% of the patients were Caucasian. Two patients developed pCMO in both eyes following uncomplicated cataract surgery.

Most patients presented directly back to hospital eye services (61.5%). In Scotland, optometrists are responsible for primary eye care services, and 31.8% of patients initially presented to them. The most common presenting complaint was reduction in vision (10 patients; 76.9%). The other three patients with pCMO were asymptomatic on presentation but were picked up on refraction by the optometrist (23%). Mean time of presentation to hospital eye services from date of original uncomplicated surgery was 85.4 days (range 10--157 days). (See Fig. [1](#Fig1){ref-type="fig"})Fig. 1Graph illustrating time to diagnosis of persistent CMO, showing delay in presentation by patients following routine cataract surgery.

Six cases (46.2%) had pre-existing hypertension and two cases (15.4%) had pre-existing glaucoma. Only one patient had known diabetes mellitus. None of the patients had a previous history of uveitis or were using topical prostaglandin analogues.

Six eyes (46.2%) had their surgery performed under topical anaesthesia. Other methods included sub-Tenon's injection of local anaesthetic (38.5%) and general anaesthesia (7.7%). Three eyes (23.1%) required intracameral adjuncts intra-operatively (two with iris hooks (15.4%), one with intracameral phenylephrine (7.7%)). In the two patients who developed pCMO in both eyes, both patients had surgery performed under sub-Tenon's anaesthesia and at least one eye had required iris hooks intra-operatively.

Only one patient received a subconjunctival steroid injection at the end of the surgery.

Management and outcomes {#Sec6}
-----------------------

Table [1](#Tab1){ref-type="table"} details the first line treatments employed at initial presentation and subsequent management strategies.Table 1Table detailing first line treatments employed at initial presentation of persistent CMO at 3 months, and subsequent management strategies within one year following cataract surgery.Treatment3 months post op1 year post opCombination of topical steroids and topical non-steroidal anti-inflammatory drugs (NSAIDs)8 cases (61.5%)4 cases (30.8%)Topical NSAIDs only2 cases (15.4%)1 case (7.7%)Topical steroid only1 case (7.7%)1 case (7.7%)Topical steroids, topical NSAIDs and oral Acetazolamide1 case (7.7%)1 case (7.7%)Topical steroid, topical NSAIDs and oral Prednisolone1 case (7.7%)--Observation--3 cases (23.1%)Intravitreal steroid implant (Ozurdex)--1 case (7.7%)Sub-Tenon's triamcinolone injection--1 case (7.7%)Vitreoretinal referral--1 case (7.7%)

Average mean central retinal thickness (CRT) at 3 months post cataract surgery was 497 microns (range 270--788 μm) for 10 eyes. At 1-year post op review, average mean CRT was 327 microns (range 245--488 μm). Five eyes still had pCMO on OCT scanning. Of these five cases, three had evidence of epi-retinal membrane. The difference between CRT at presentation (3 months following cataract surgery) and at 1-year post op for 10 patients was not statistically significant (*p* = 0.27) (Two-way ANOVA). (See Fig. [2](#Fig2){ref-type="fig"}) The mean visual acuity (VA) at 3 months post-surgery for all 14 patients was LogMAR 0.48 (range 0.2--0.8). At 1-year post op, average VA was LogMAR 0.18 (range 0.1--0.3). A clinically significant difference in BCVA as defined as an improvement of \>2 Snellen lines at 1-year post op was identified in five patients, but this wasn't found to be statistically significant (*p* = 0.19) (Two-way ANOVA). (See Fig. [3](#Fig3){ref-type="fig"})Fig. 2Graph comparing central retinal thickness (CRT) over time, showing reduction in OCT measured CRT in patients with persistent CMO at 3 months and 1 year following cataract surgery.Fig. 3Graph comparing changes in best corrected visual acuity (BCVA) in patients with persistent CMO over the 12 months following cataract surgery.

Discussion {#Sec7}
==========

Previous studies have reported an incidence of 1.2--2.0% in patients with no risk factors for developing clinically significant CMO after cataract surgery \[[@CR4], [@CR7]\]. However, there are no robust definition or incidence figures regarding persistent CMO. (12) This prospective study from an established national surveillance scheme investigating all cases of persistent pseudophakic cystoid macular oedema at 3 months following uncomplicated cataract surgery in Scotland identified 14 patients, which equates to an incidence rate of 2.2 in 10,000 cases (0.02%).

Similar to published studies of pseudophakic CMO, our cases of pCMO tended to occur in older (average age 74.9 years) and male (72.7%) patients \[[@CR4], [@CR12], [@CR13]\]. It is unclear from the literature why the male gender carries a higher risk, although research identifying gender differences in ocular blood flow was consistent with the Gutenberg Health Study which found men to be 1.7 times more likely to develop retinal vein occlusions than females \[[@CR21], [@CR22]\].

Nearly half (46.2%) of our cohort had systemic hypertension. Interestingly, no large study has evaluated the link between hypertension and development of pCMO. It is well known that systemic hypertension causes arteriosclerosis and leakage from the retinal blood vessels and predisposes to retinal vein occlusions \[[@CR23]\]. To illustrate this association, Kida et al. reported a case series of three patients with systemic hypertension without any other risk factors who developed macular oedema associated with retinal vein occlusions. All three cases showed improvement in the macular oedema after treatment of the systemic hypertension alone \[[@CR24]\].

Use of topical prostaglandin analogues has been implicated in increasing the risk of CMO \[[@CR8], [@CR12]\]. A small case series of randomised patients to topical prostaglandin analogues (bimatoprost, latanoprost, and travoprost) noted 6 (12.5%) patients subsequently developed angiographic CMO, although only one had an associated loss of visual acuity \[[@CR25]\]. All these cases of angiographic pseudophakic CMO subsequently resolved on cessation of prostaglandin analogues and commencement of topical diclofenac \[[@CR25]\]. However, other groups have reported no significant increase in clinical CMO with topical prostaglandin analogues \[[@CR3], [@CR4]\]. Interestingly, our two patients with glaucoma were being treated with topical beta-blockers rather than prostaglandin analogues. Wendel et al. showed that apart from prostaglandin analogues, topical beta-blockers are also associated with the development of pseudophakic CMO. Through analysis of 508 cases and 5080 controls, they found the incidence of pseudophakic CMO to be statistically significantly associated with the current postoperative use of both topical PGAs \[relative risk (RR), 1.86; 95% confidence interval (CI), 1.04--3.32\] and topical beta-blockers (RR, 2.64; 95% CI, 1.08--6.49) \[[@CR8]\].

Inflammation remains the most commonly accepted contributor to the development of pseudophakic CMO \[[@CR11], [@CR16], [@CR26]--[@CR29]\]. Surgical manipulation of the iris can result in an upregulation of inflammatory mediators, leading to breakdown of the blood‐retinal‐barrier and increased vascular permeability \[[@CR11]\]. This inflammation is associated with abnormal accumulation of intracellular and extracellular fluid that results in the classic cystic changes in the outer plexiform layer and inner nuclear layer of the macula with associated retinal thickening. In our cohort, two patients had intra-operative adjuncts in the form of iris hooks which could have contributed to an enhanced inflammatory response in the post-operative period.

Studies have found a fourfold increase in the incidence of pseudophakic CMO in patients with diabetes, with risk of development linked to the degree of ETDRS-graded severity of diabetic retinopathy \[[@CR4]\]. These findings are consistent with a deficient blood--retinal barrier function in those patients with more advanced diabetic retinopathy vascular changes. Recent retrospective studies have documented incidence rates of postoperative CMO in diabetic patients to be between 0.1% and 2.35% \[[@CR12], [@CR30]\]. In our study only one patient had diabetes (without active diabetic retinopathy or maculopathy before cataract surgery). This patient did not receive any prophylactic topical NSAIDs. A report by the American Academy of Ophthalmology in 2015 advised that peri-operative topical NSAIDs are effective in reducing the occurrence of pseudophakic CMO, may increase the speed of visual recovery postoperatively in diabetic patients, but do not alter long-term visual outcomes beyond 3 months \[[@CR5]\].

Lack of evidence for treatment options {#Sec8}
--------------------------------------

Currently, there are no UK nationally agreed guidelines for the treatment of acute or chronic post-operative CMO from either the Royal College of Ophthalmologists or national cataract societies (such as UKISCRS (United Kingdom and Ireland Society of Cataract and Refractive Surgeons; see [www.ukiscrs.org.uk](http://www.ukiscrs.org.uk))). The published literature suggested a variety of topical and systemic treatment modalities. These include use of topical NSAIDs, topical steroids, combination of topical NSAIDs and steroids, periocular steroid injections, systemic steroids, systemic carbonic anhydrase inhibitors, intravitreal injections of anti-Vascular Endothelial Growth Factor agents (anti--VEGF), intravitreal steroid injections, intravitreal steroid implants, and surgery in the form of pars plana vitrectomy \[[@CR6], [@CR7], [@CR9], [@CR14], [@CR26], [@CR31]--[@CR37]\]. A recent review of CMO by McGhee's group in Auckland concluded that "there are limited evidence‐based clinical studies available regarding successful treatment strategies, and there is substantial inconsistency between studies in terms of defining successful outcome measures, with some focusing on improvements as measured by OCT or fluorescein angiography vs visual acuity outcomes" \[[@CR29]\]. They noted that visual improvement doesn't always correlate with angiographic improvement, and spontaneous resolution of CMO can be a major confounder in any attempted analysis of true treatment effects \[[@CR29], [@CR38]\].

The most common initial strategy for treatment of post-operative CMO in our study involved combination of topical steroids and topical NSAIDs in eight cases (61.5%), although another patient had this regime supplemented with oral acetazolamide and another had supplementation with oral steroids. In total, 10 cases (76.9%) were initially treated with a strategy involving combined topical NSAIDs and steroids (with or without additional systemic medications) \[[@CR38]\].

As previously noted, the association of pseudophakic CMO with inflammation led the ESCRS PREMED study group to compare the efficacy of a topical NSAID, topical corticosteroid, and a combination of both drugs to prevent the occurrence of CMO after cataract surgery in non-diabetic patients \[[@CR9]\]. In this large RCT study investigating prevention (not treatment) of 914 patients, they discovered that patients treated with a combination of topical NSAID (bromfenac 0.09%) and topical steroid (dexamethasone 0.1%) had a lower risk for developing clinically significant macular oedema after cataract surgery than patients treated with a single drug. However, it should be noted that this study ended at 12 weeks and did not continue onto evaluate any patients with pCMO. While our study patients (looking at treatment) are different to the PREMED group (looking at prevention), 50% of our eight cases on combination topical NSAIDs and steroids treatment had resolution of CMO at 1-year post-op follow up. Of the other four remaining cases with pCMO, three had evidence of epi-retinal membrane causing cystic spaces on OCT scans at 1-year post-op.

It is tempting to try to extrapolate the PREMED study results to make recommendations as to treatment of patients with CMO, but that was not their intention and so caution should be exercised. Equally, there has not been a detailed cost analysis evaluating the financial implications of a prevention versus treatment strategy for post-operative CMO. Such a study may be difficult to perform due to the variability in management strategies, but would be useful to guide treatment, as there is a significant additional cost to frequent return clinical appointments following cataract surgery (47% higher costs as per Schiemer) \[[@CR13]\].

Periocular and orbital floor corticosteroid injection were traditionally used to treat pCMO unresponsive to topical treatment, yet we only identified one patient who underwent this management strategy. A small prospective study by Thach et al. of 48 eyes with clinically significant persistent CMO treated with sub‐Tenon's triamcinolone produced an improvement in BCVA and central retinal thickness. The posterior sub-Tenon's group had a visual improvement from 20/92 pretreatment to 20/50 post-treatment (*P* = 0.0001) with a median follow-up of 12 months \[[@CR31]\]. Similarly, a small retrospective study of six eyes with unresponsive CMO reported visual improvement with significant reduction of retinal thickness following 40 mg of orbital floor triamcinolone injection at mean follow up of 11 months \[[@CR39]\].

The evidence supporting the use of systemic acetazolamide in the treatment of CMO is limited. Curkovic et al. in a small, randomised controlled trial of 14 eyes, studied the efficacy of oral acetazolamide 250 mg three times daily in addition to topical dexamethasone and flurbiprofen. They reported complete resolution of PCMO in 86% of eyes receiving acetazolamide (plus the topical NSAID‐steroid combination) vs 29% in the control group who received topical dexamethasone and flurbiprofen alone \[[@CR40]\]. This treatment regime was not seen to be effective in the single patient who also received oral acetazolamide in our study.

Slow release intravitreal dexamethasone implants show promise in the treatment of chronic pseudophakic CMO. Mayer et al. reported an improvement in visual acuity, foveal thickness and retinal sensitivity in a prospective study of 23 eyes treated with a dexamethasone implant (Ozurdex) with 12 month follow‐up \[[@CR35]\]. Recurrence was noted in nine eyes with a peak after 3 months and these eyes required a second implant. Bellocq et al. in a multi-centre national case series of 100 eyes receiving a dexamethasone 0.7 mg implant for postsurgical macular oedema, noted that 37% of patients required only one dexamethasone implant during the first year and experienced no recurrence of the macular oedema in a follow‐up period of greater than 1 year. The significant improvement in visual acuity at 6 months was maintained at 12 months following treatment \[[@CR6]\].

It has been our observation that use of a combined subconjunctival injection of antibiotic and corticosteroid at the end of the cataract operation used to be common clinical practice. We wonder if the advent of intracameral antibiotic use may have also resulted in the inadvertent omission of the peri-operative steroid bolus. The evidence to support the efficacy of peri-operative subconjunctival steroid is limited, but it is notable that this step is now often omitted in modern cataract surgery. Mirroring this change in clinical practice, we identified only one case who had received subconjunctival steroid injection in our cohort (i.e. 92.3% of our cases of pCMO did not receive subconjunctival peri-operative steroid at the end of surgery).

Long-term visual outcomes {#Sec9}
-------------------------

CMO can resolve, but still result in permanent visual loss \[[@CR4], [@CR34]\]. Hunter's group reported 26.8% of eyes with pseudophakic CMO didn't recover 6/6 vision \[[@CR41]\]. In our cohort, 11 cases didn't achieve this visual outcome. At 1-year post-op, three of our patients had the presence of an ERM. It is possible that these patients had a pre-existing ERM which was not identified because it is not common NHS practice in Scotland to perform macula OCT scanning in all pre-operative cases.

Limitations of this study {#Sec10}
-------------------------

This SOSU study has many limitations that are intrinsically related to the study design and methodology. Such BOSU/SOSU surveillance studies are widely recognised to result in lower incidence rates than in real-life due to the inherent potential for under-reporting by observers \[[@CR19]\]. Furthermore, because routine post-operative cataract reviews have been devolved to community optometry in Scotland, the identification rate may be lower from optometric practices without OCT. The SOSU methodology meant our study could only identify patients who had been referred back into the hospital system and were under the care of an ophthalmologist. We also have no knowledge of optometric independent prescribing behaviours, which could also have suppressed the incidence numbers. Our study had a follow-up of 18 months postoperatively, yet only identified 14 cases. It is difficult to develop management recommendations from such a small number. The patients originated from different Scottish Ophthalmology departments which use different OCT devices, which could influence the reporting of macular thickness, as some machines measure retinal thickness from the internal limiting membrane to the retinal pigment epithelium (RPE), while others use Bruchs membrane as the outer retinal boundary. It must be recognised that OCT interpretation on different machines is not standardised across the Scottish ophthalmic departments. Equally, it is not possible to standardise the follow up and review arrangements in each hospital for these patients, so we had to use the closest appointment information for the 3 month and 12 month post-operative data. In addition, bias due to failure to report can negatively impact any survey regarding the incidence of surgical complications, as has been previously reported in the literature looking at the validity of reporting capsule rupture data events \[[@CR42]\]. However, while these issues may influence the true incidence in our study, we believe this SOSU study does provide accurate information as to the real-world current management of patients with persistent CMO post routine cataract surgery in Scotland.

The current available published literature does not provide clear evidence with regard to the long-term efficacy of topical NSAIDs and/or corticosteroids for CMO on BCVA more than 3 months after routine cataract surgery, which is beyond the 12 weeks follow up timeframe of the PREMED studies \[[@CR9], [@CR10]\]. This gap in the literature could provide further incentive for a larger UK wide (possibly BOSU) prospective study to identify more patients with longer follow up periods and more standardised review arrangements to try and identify best practice in this patient group.

Conclusion {#Sec11}
==========

We have identified a low incidence of pCMO following uncomplicated cataract surgery in Scotland (0.02%). This is probably the lowest estimate, as underreporting is a common issue with SOSU/BOSU surveillance surveys and routine post-operative cataract reviews have been devolved to community optometrists in Scotland. Reported clinical management regimes for patients with pCMO were inconsistent and variable. We would suggest a wider prospective UK study may identify more cases. We believe a nationally agreed Royal College or national cataract society (e.g. UKISCRS) protocol for the treatment of post-operative pCMO following routine cataract surgery is now required.

Summary {#Sec12}
-------

### What was known before {#FPar1}

There is great variation and inconsistency as to the definition of cystoid macular oedema (CMO) following routine cataract surgeryThere are no studies identifying the incidence of persistent CMO at 3 months (pCMO) following routine cataract surgery.There are no formal national cataract society or Royal College recommendations for best management of such cases

### What this study adds {#FPar2}

This prospective SOSU study has identified a low incidence of pCMO following uncomplicated cataract surgery in Scotland (0.02%).Reported clinical management regimes for patients with pCMO are inconsistent and variable.We would suggest a wider UK prospective study may identify more cases and believe a nationally agreed Royal College or national cataract society (e.g. UKISCRS) protocol for the treatment of post-operative pCMO following routine cataract surgery is now required.
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